Quinoxalines display diverse and interesting pharmacological activities as antibacterial, antiviral, antiparasitic and anticancer agents. Particularly, their 1ˏ4-di-N-oxide derivatives have proved to be cytotoxic agents that are active under hypoxic conditions as that of solid tumours. A new series of quinoxaline 1ˏ4-di-N-oxide substitutes at 7-position with esters group were synthetized and characterized by infrared (IR), proton nuclear magnetic resonance ( 1 H-NMR), spectroscopy, and elemental analysis. Seventeen derivatives (M1-M3, E1-E8, P1-P3 and DR1-DR3) were selected and evaluated for antitumor activities using the NCI-60 human tumor cell lines screen. Results showed that E7, P3 and E6 were the most active compounds against the cell lines tested. Substitutions at 7-position with esters group not necessarily affect the biological activity, but the nature of the esters group could exert an influence on the selectivity. Additionally, substitutions at 2-position influenced the cytotoxic activity of the compounds.
Introduction
Cancer remains a major cause of death affecting millions of people and is caused by the growth and spreading of abnormal cells in an uncontrolled manner. According to the World Health Organization (WHO) cancer is a leading cause of death worldwide that accounted for 8.2 million deaths in 2012. In addition to the extensive use of irradiation and surgical treatment, chemotherapy still plays an important role for the treatment of cancer (1). In this context, the search for novel chemotherapeutic agents is an interesting and continually evolving field of cancer research. Although major advances have been made in the chemotherapeutic management of patients with certain types of cancer, the continued commitment to the laborious task of discovering new anticancer agents remains critically important.
In the course of identifying various chemical substances which may serve as leads for designing novel antitumor agents, many classes of organic compounds have been tested, with special attention being paid to nitrogen heterocycles, five-and six-membered rings. Quinoxaline (benzopyrazine) is a heterocyclic compound containing fused benzene and pyrazine rings and it is an isomer of quinazoline. Quinoxalines display diverse and interesting pharmacological activities as antibacterial, antiviral, antiparasitic and anticancer agents (2-8). Particularly, their 1ˏ4-di-N-oxide have proved to be cytotoxic agents that are active under hypoxic conditions as that of solid tumours (6, (9) (10) (11) (12) . Additionally, this kind of derivatives has shown anti-inflammatory and anti-oxidant activities both interesting properties against cancer cells (3, 13) . The identification of drugs with selective toxicity toward hypoxic cells is an important objective in anticancer chemotherapy and quinoxaline 1ˏ4-di-N-oxides could provide useful hypoxia-selective therapeutic agents.
In the present work, we are interested in quinoxaline 1, 4-di-N-oxide derivatives which have been identified as a new class of cancer chemotherapeutic agents with significant therapeutic efficacy against solid tumours (11) (12) . It is reported that the antitumor activity can be increased by introducing electronwithdrawing groups in one of both positions 6 and 7 on the quinoxaline ring and in the unsubstituted analogues (14) . Therefore, a new series of quinoxaline 1ˏ4-di-N-oxide substitutes at 7-position with esters group were synthetized and evaluated for antitumor activities using the NCI-60 human tumor cell lines screen (15).
Experimental

Chemical compounds
The Beirut reaction was the general procedure used for synthesis of quinoxaline 1ˏ4-di-N-oxide derivatives, as described in previous report (16, 17) . Quinoxaline 1ˏ4-di-N-oxide derivatives (M1-M3, E1-E8 and P1-P3) synthesis was achieved by the reaction of the corresponding diketone derivative (10.6 mmol) with the appropriate benzofuroxane N-oxide (2.4 mmol) in dry chloroform (35 mL). Triethylamine (TEA) was added (1 mL) and the reaction mixture was stirred at room temperature for 3-7 days. After evaporation to dryness at low pressure, crude solid or brown oil was obtained. This was then precipitated and washed by adding diethyl ether, affording the target compound. The residue was purified by column chromatography on silica gel, when necessary using dichloromethane: methanol (95:5). Quinoxaline di-reduced (DR1-DR3) was achieved by the reaction of the corresponding quinoxaline 1ˏ4-di-N-oxide with sodium dithionite (18). All compounds were characterized by infrared (IR), proton nuclear magnetic resonance ( 1 H-NMR) spectroscopy, and elemental analysis. 7-dicarboxylate 1, 4-di-N-oxide (M2) This C, 53.43; H, 4.14; N, 9.59. Found: C, 53.29; H, 3.97; N, 4.82; N, 9.65. Found: C, 57.68; H, 4.51; N, This C, 64.77; H, 4.58; N, 7.95. Found: C, 64.58; H, 4.32; N, This H, 4.66; N, 11.44. Found: C. 61.98; H, 4.49; N, This H, 3.22; N, 8.14. Found: C, 48.58; H, 3.15; N, 8.23 . 
Methyl quinoxaline-7-carboxylate
1ˏ4-di-N- oxide derivatives Methyl 2-amide-3-methylquinoxaline-7- carboxylate 1ˏ4-di-N-oxide (M1)
D i m e t h y l 3 -m e t h y l q u i n o x a l i n e -2 ,
E t h y l 2 -( t h i o p h e n e -2 -c a r b o n y l ) -3 -
E t h y l 2 -( n a p h t h y l -2 -c a r b o n y l ) -3 -
This compound was obtained in 11.3% yield from ethyl benzofuroxane-5-carboxylate N-oxide and 4, 4, 4-trifluoromethyl-1-(2-naphthyl)-1, 3-butanedione. IR (KBr) 
This compound was obtained in 8.3% yield from n-propyl benzofuroxane-5-carboxylate N-oxide and 1-phenyl-1, 3-butanedione. 
n -p r o p y l 2 -b e n z o y l -3 -
This compound was obtained in 5.9% yield from n-propyl benzofuroxane-5-carboxylate N-oxide and 4, 4,4-trifluoro-1-phenyl-1, 
E t h y l 2 -( t h i o p h e n e -2 -c a r b o n y l ) -3 -trifluoromethylquinoxaline-7-carboxylate (DR3)
This compound was obtained in 2.3% yield from ethyl 2-(thiophene-2-carbonyl)-3-trifluoromethylquinoxaline-7-carboxylate 1, 4-di-N-oxide by di-reduced using sodium dithionite. IR (KBr) Compounds derivatives from quinoxaline-7-carboxylate 1ˏ4-di-N-oxide (M1-M3, E1-E8, and P1-P3) and quinoxaline di-reduced derivatives (DR1-DR3) are shown in Table 1 .
Biological assays
The National Cancer Institute (NCI) of the United States of America selected the 17 compounds cited above to be evaluated for their in vitro antitumor activity. Initially, all compounds were tested at a single high dose (10 -5 M) according to NCI-60 human tumor cell line screen. The human tumor cell lines are grown in RPMI 1640 medium (5% fetal bovine serum and 2 mM L-glutamine). Cells are seeded into 96 well microtiter plates in 100 μL (5,000 to 40,000 cells/well). After, the microtiter plates are incubated at 37 °C, 5% CO 2 , 95% air and 100% relative humidity for 24 h. Aliquots of 100 μL experimental drugs are added to the appropriate microtiter wells already containing 100 μL of medium, resulting in the required final drug concentration. After, the plates are incubated for an additional 48 h at 37 °C, 5% CO 2 , 95% air, and 100% relative humidity. For adherent cells, the assay is terminated by the addition of cold TCA. Cells are fixed in situ by the addition of 50 μL of cold 50% (w/v) TCA (final concentration, 10% TCA) and incubated for 60 minutes at 4 °C. The supernatant is discarded, and the plates are washed five times with water and air dried. Sulforhodamine B (SRB) solution (100 μL) at 0.4% (w/v) in 1% acetic acid is added to each well, and plates are incubated for 10 minutes at room temperature. After staining, unbound dye is removed by washing five times with 1% acetic acid and the plates are air dried. Bound stain is subsequently solubilized with 10 mM trizma base, and the absorbance is read on an automated plate reader at a wavelength of 515 nm. After, only compounds M3, E5, E6, E7 and P3 were evaluated against the NCI-60 cell panel at five concentrations (0.01, 0.1, 1, 10 and 100 µm) and Growth Inhibition of 50% (GI50) was calculated. Total Growth Inhibition (TGI) and the Lethal Concentration 50 (LC50) were calculated for each cell line according to NCI methodology (15). Data are express in Molar concentration. The GI50 value corresponds to the concentration of the compound causing 50% decrease in net cell growth, the TGI value or cytostatic activity reported is the concentration of the compound resulting in total growth inhibition and the LC50 value corresponds to the cytotoxic activity and it is the concentration of the compound causing 50% loss of initial cells at the end of the incubation period (15).
Results and Discussion
In this study, seventeen derivatives from methyl (M1-M3), ethyl (E1-E8) and n-propyl (P1-P3) quinoxaline-7-caboxylate 1ˏ4-di-Noxide and three di-reduced quinoxaline (DR1-DR3) derivatives (Table 1) were selected for invitro evaluation on 60 human tumor cell lines. Table 2 . The number reported is growth relative to the no-drug control cells and it allows detection of both growth inhibition (values between 0-100) and lethality or cytotoxic activity (negative numbers). Compounds which reduce the growth of anyone of the cancer cell lines to 32% or values less are identified as "active" compounds (19).
Results are reported in
In the development of new anticancer drugs, tirapazamine, a quinoxaline 1,4-di-N-oxide derivative, is a potent antitumor agent, with a simple structure (small molecule) which induce a strong toxicity against a variety of tumor human cell (20). Therefore, our research group design and obtained new ester of quinoxaline 1, 4-di-Noxide as potential antitumor agent. As shown in -14.73, -79.03, -82.89 and -82.75 respectively) . In contrast to the other active compounds mentioned above, E5 do not show lethality against any of the renal cancer cells (values ranging 4.58 to 40.92). All other compounds showed little or no activity. None active compound showed selectivity to certain tumor cell type. As M3, E5, E6, E7 and P3 showed the highest anticancer activity, they were selected and assayed at five dose level against the same 60 human tumor cell lines panel. Results (Table 3) showed that compounds tested showed an excellent antitumor activity. E6 a quinoxaline 1ˏ4-di-N-oxide with ethyl ester at 7-position, was the most active with the lowest GI50, TGI and LC50 values against all the cell lines tested regardless of the tumour cell type, showing no selectivity. E7 showed its higher activity against leukemia and ovarian panel, while M3 showed good activity against the different tumour cell types except for leukemia with Log10 LC50 values >-4.0 M.Structure-activity relationship (SAR) analysis of methyl quinoxaline-7-carboxylate 1ˏ4-di-Noxide (M1-M3) series shows that substitution at 3-position with electronegative group (CF 3 ) play a very important role in the cytotoxicity activity, enhancing drastically biological effect. The same biological behaviour can be detected in ethyl (E1-E7) and n-propyl (P1-P3) quinoxaline-7-carboxylate 1ˏ4-di-N-oxide series, because only compounds substituted at 3-position with CF 3 group showed inhibitory effect. Furthermore, the importance in the cytotoxic activity of CF 3 group at 3-position on quinoxaline ring has been showed in the design and obtention of potent antitumor agents by Zarranz and cols (6) . Substitutions at 2-position on quinoxaline 1,4-di-N-oxide ring increase the activity in the following order: naphthyl > thiophenyl > methyl. These results showed that aromatic and coplanar groups at 2-position are very important to enhance biological activity. This same key biological behaviour has been reported by other authors (6, 10). Finally, analysing compounds M3 and E5 shows that substitutions at 7-position with esters group not necessarily affect the cytotoxic activity, but the nature of this esters group could exert a strong influence on the selectivity. However, Ismail and cols mentioned that incorporation of halogen atom at 6 or 7-position could enhance activity, therefore, this is a point to consider in the near future to development new antitumor agents (12). Additionally results of compounds DR1-DR3 showed a great role of N-oxide group in the cytotoxic effects as previously has been reported (10, 12).
Conclusion
In the light of these results and in order to further explore for this class of compounds, in the present study we reported the cytotoxic activities of ester of quinoxaline 1ˏ4-di-N-oxide derivatives selected by the NCI. The antitumor activity of all these compounds was evaluated against the NCI-60 cell line panel at a single dose assay (10 -5 M) according to their own protocols. Five of the tested compounds were active ranging their activity from cytostatic to cytotoxic agents depending of the cell line used. Among the examined series, we found that compounds E7, P3 and E6 were the most active against all 60 human cell lines with global mean values of -82.89, -82.75 and -79.03 respectively. None compound showed selectivity to certain cancer cell type or to a particular cell line except E5, that was also considered active (-14.73) but do not show lethality against any of the renal cancer cells. The results of this investigation prompt us to continue the development and testing of novel quinoxaline 1ˏ4-di-N-oxide derivatives and importantly to carry out further studies to investigate their potential mechanisms of action.
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